APPENDIX K
AIRBORNE PATHWAY MODELING
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K.1 Generic Sites

Two generic sites were selected to represent locations where various
uranium mines are present. The characteristics of these sites, as shown in
TabTe K.1, were used in the AIRDOS-EPA code (Mo79).

Table K.1 Characteristics of the generic sites

N New Mexico Wyoming
gl ) (Ambrosia Lake) {Gas Hills)
s Meteorological data: Grants/Gnt-Milan (WBAN=93057) Casper (WBAN-24089)
R Stability Categories A-F A-G -
' Period of Record: 54/01-54/12 67/01-71/12
Annual Rainfall: 20 cm 29 cm
" Average Mixing Height: 800 m 500 m
3 Mean Ambient Temperature: 13.8°C 7.4°C
Atmospheric dispersion
factors (Chi/Q) for
maximum individual: 3 3
gases 5.5 E-6 sec/m3 2.5 E-6 sec/m3
particulates 1.4 E-6 sec/m 1.0 E-6 sec/m
Poputation: {0-80 km): 3.60E+4 persons 1.43E+4 persons :
Dairy Cattle (0-80 km):  2.30E+3 head © 1.17E+3 head
Meat Animals {0-80 km): 8.31E+4 head 1.03E+5 head ;
Vegetable Crop Area: 2.78E+3 ha 3.20E+3 ha
(0-80 km) !

The model active and inactive underground mines were assumed to be situ-
ated at the New Mexico site (see Section 2 ), The Wyoming site was used for
both the model .active and inactive surface mines and the model in situ leach
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mine (see Section 2 }.
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K.2 Meteorological Data

Joint frequency distributions by stability category were obtained from
the National Climatic Center (NOAA-Asheville, NC}, These distributions are
identified in Table K.1 by location, stability category range, and period of

record.

| The average mixing height {Table K.1) is the distance between the ground
surface and a stable tlayer of air where no further mixing occurs. This
average was computed by determining the harmonic mean of the annual morning
mixing height and the annual afternoon mixing height for the location (Ho72).
The rainféll rate determines the value used for- the scavenging coefficient.
No attempt was made to be any more accurate than one significant figure for
both average mixing height and scavenging coefficient. Both sites are
relatively dry locations, as reflected by a scavenging coefficient of 2.0 x

10 6 sec'l. A dry deposition velocity of 1 cm/s was assigned to
particulates, while radon was assumed to be non-depositing.

K.3 Population

The population data for both generic sites were generated by a computer
program (At74) that uses an edited and compressed version of the 1970 United
States Census Bureau's "Master Enumeration District List with Coordinates"
containing housing and population counts for each census enumeration district
(CED) and the geographic coordinates of the population centroid for the
district. In the Standard Metropolitan Statistical Areas, the CED is usually
a "block group" that consists of a physical city block. In other areas, the
district used is called an "enumeration district”, and it may cover several
square miles in a rural area.

There are approximately 250,000 CED's "in the United States and the
average population is about 80C, The position of the population centroid for
each CED was marked on the district maps by the individual census official
responsible for each district and 1is based only on his judgment from
o, inspection of the population distribution on the map. The CED entries are
i sorted in ascending order by longitude on the final data tape.

K.4 Dairy and Meat Animals
Dairy cattle and meat animal distributions are part of the AIRDOS-EPA
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jnput. A constant animal density is assumed. The animal densities are pro-
vided by state in Table K.2. These densities were derived from information
developed by NRC  (NRC75). Milk production density 1in units of
liter/day-square mile Was converted to number of dairy cattle/square kilo-
meter by assuming a milk production rate of 11.0 liters/day per dairy cow.
Meat production density in units of kilograms/day-square mile was changed to
an equivalent number of meat animals/square kilometer by assuming a slaughter
rate of 0.00381 day'1 and 200 kilograms of meat/animal slaughtered,

Table K.2 Animal and vegetable crop distributions
for use with AIRDOS-EPA

Dairy Cattle Meat Animal Vegetable
State Density Density Crop Fraction
(No./km?) (No./kni) (Km2/km?)
New Mexico 1.14E-1 4,13 1.38E-3
Wyoming 5.79E-2 5.12 1,59E-3

K.5 'Vegetable Crop Area

A certain fraction of the land within 80 km of the source is used for
‘vegetable crop production, which 1is assumed to be uniformly distributed
throughout the entire assessment area. Information on the vegetable pro-
duction density 1in terms of kilograms{fresh weight)/day-square mile was
obtained from NRC data-(NRC75). The vegetable crop fractions (Table K.2) by.
state were computed from the production densities by assuming a production
rate of 2 kilograms (fresh weight)/year-square meter (NRC77).

K.6 Food Intake

Table K.3 summarizes the ingestion values used for both generic sites
for the maximum individual. These values are based on a USDA report (USDA72)
for a rural famm situation. Fl and F2 are the percentages produced at the
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individual's home and within the 80 km assessment area, respectively. The

balance of the diet, F3, is considered to be imported from outside the assess-
ment area with negligible radionuclide concentrations due to the assessed

source. The F1 values are obtained by dividing the home-produced quantity by

the quantity from all sources. The meat values include a combination of beef

and pork. The vegetable values only include fresh vegetables.

Table K,3 Sources of food for the maximum individual (percent)

Fl F2 F3
Vegetables 70.0 0.0 - 30.0
Meat 44.? 0.0 55.8
Milk 39.9 0.0 60.1

For population exposure estimates, the AIRDOS-EPA code determines the
imported fraction needed to supply the nutritional requirements of the entire
population within 80 km. The quantity of food that is not imported is
assumed to be grown or produced throughout the entire assessment area and
consumed by the population within the assessment area as an average value for

the entire assessment area, The surplus food grown at a given site we

assumed was shipped outside the assessment area., We did not calculate dose
for this exported fraction.

The ingestion pathway is handled by the terrestrial model (NRC77) por-
tion of the AIRDOS-EPA code. The input values shown in Table K.4 were used
and are independent of location and radionuclide. Selected terrestrial
pathway parameters, which are radionuclide dependent, are given in Table K,5.

K.7 AIRDQS-EPA Qutput : ;

An example output of AIRDOS-EPA can be found in the AIRDOS-EPA manual
(Mo79). Doses calculated by AIRDOS-EPA were not used in this report.
Another code, DARTAB, performed dose and risk estimates based on air and
ground concentrations and ingestion and inhalation intakes and working levels
calculated by AIRDOS-EPA. An explanation of the DARTAB code can be found in
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Appendix L. Concentrations and intakes computed by AIRDOS-EPA are by radionu-
clide and receptor location. Table K.6 lists values for effective radio-

active decay constants, assumed for the plume (air) and ground surface, which

influence the concentration and intake estimates. The values chosen for the

decay constants attempt to account for daughter buildup in the air and on the

ground surface.

Table K.6 -Effective radioactive decay constants

Decay constant in Decay constant on

Radionuclide ~ plume (day'l) ground surface (daxfl)
Uranium-238 4,25E-13 4,25E-13
Uranium=-235 2.68E-12 2.68E-12
Uranium-234 7.77E-9 7.77E-9
Thorium-232 1,35E-13 1.35E-13
Thorium-230 2.47E-8 2.47E-8
Thorium-228 9,92E-4 1.35E-13
Actinium-228 2.72E+0 1.35E-13
Radium-228 3.30E-4 1.35E-13
+ Radium-226 1.19E-6 1.19E-6
Radium-224 1.89E-1 1.35E-13
Radon-222 1,81E-1 1.81&-1
Bismuth-214 1,81E-1 1.19E-6
Bismuth-212 1,35E-13 1.35E-13
Lead-214 1.81E-1 1.19E-6
Lead-212 1.35E-13 1.35E-13
Lead-210 8.52E-5 1.19E-6
Polonium-210 5.02E-3 1.19E-6
oL Thallium-208 1.35E-13 1.35E~13
e
i
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